Introduction
In the molecular cytochemistry of chromatin the correlation between structure and function of chromatin is studied to clarify the molecular mechanism and control of DNA replication and gene expression of eukaryotic cells (4) . Simian virus 40 nucleoprotein complexes (SV40 chromatin) have a nucleosome structure similar to that of cellular chromatin and serve as a useful model system for studying the structure and function of chromatin. In this article, some of the topics of ultrastructures studied in combination with cytochemical techniques on the transcription and replication of SV40 chromatin and cellular chromatin will be discussed.
Basic Structure of Chromatin and its Functional Changes
The basic structure of chromatin consists of a linear array of globular particles, about 10 nm in diameter, connected by thin strands of linker DNA (beads-on-a-string). The basic unit is called a nucleosome, which consists of about 200 (146-240) base-pairs of DNA wrapped twice around a histone core, which is made up of two sets of the four histories H2A, H2B, H3, and H4. Histone H1 is associated with the junction and linker regions of DNA and participates in supercoiling and condensation of chromatin (2) .
To examine the functional dynamics of molecular forms and nucleosome structures of chromatin, SV40 chromatin was isolated under various conditions from the nucleus of CV-1 'Presented as part of the program at the 1982 Joint Meeting of the American and Japanese Histochemical Societies, held in Vancouver, British Columbia, Canada, July 20-24, 1982. 2 Supported in part by a Grant-in-Aid for Scientific Research from the Ministry of Education, Science, and Culture of Japan. cells infected with SV40 and examined by electron microscopy. SV40 chromatin extracted with a hypertonic salt-Triton X-100 solution from the nuclei isolated with a hypotonic ethylenediaminetetraacetic acid (EDTA) solution had mainly a relaxed form, showing a typical bead-like structure of nucleosomes ( Figure 4c ). Most of these molecules were found to be derived from disrupted virions. When the extraction was performed under mild conditions in a near isotonic solution with no pretreatment with EDTA, SV40 chromatin ( Figure 4b Original magnification x 82,000. ODA by sucrose density gradient centrifugation. The majority of these SV40 chromatin molecules had a condensed form (Figure 4b) . These molecules can be relaxed through various intermediate forms by treatment with a hypotonic or 0.6 M NaCI solution (Figures 2,5a-g) . Replicating SV40 chromatin was sedimented faster than mature SV40 chromatin and had higher amounts of non-histone proteins and newly synthesized proteins, as well as higher sensitivity to micrococcal nuclease, compared to the bulk of SV40 chromatin. Relaxed molecules of SV40 chromatin ( Figure 6A) were condensed by binding with histone Hi ( Figure 6C ) and resulted in strong inhibition of template activity for transcription. The activity was decreased to 20% by addition of histone Hl at a molar ratio of histone H1 to SV40 chromatin molecule (22 nucleosomes ± 2) or 4:1 ( Figure 6B ), 14% at 9:1, 7% at 18:1, and 5% at 36:1 ( Figure 6C ).
Transcription of Chromatin and Transcriptional Complexes

Transcription of Reconstituted SV40 Chromatin
The regulatory effects of various host-cell histones on the transcription of SV40 DNA were studied by using reconstituted SV40 chromatin prepared from SV40 DNA (Figure 3 ) and the combination fraction of five histones, H 1, H2A, H2B, H3, and H4 (1). The fraction consisting of four histones lacking H1 reduced transcription by 30-35%, but further addition of histone Hi inhibited transcription by 90-95%. RNA products transcribed from the chromatin and SV40 DNA were 16 to 28S species, with several identical peaks.
Transcriptional Complexes of Chromatin
Transcriptional complexes of nonnucleolar chromatin from Drosophila spermatocytes were shown to be composed of growing heterogeneous ribonucleoprotein (hnRNP) chains with increasing length along the beaded chromatin fibers ( Figure  7 ) (6). The hnRNP chains were composed of globular ribonucleoprotein particles (ribonucleosomes), approximately 15-25 nm in diameter, linked by thin RNA strands and showed either an extended bead-like structure or a tangled twig-like structure (Figure 7) . Initial regions of chromatin in the transcriptional complexes appeared to be unbeaded (6) . This is consistent with the recent finding that chromatin regions upstream from active genes have unusual conformations hypersensitive to DNase I and more exposed than ordinary chromatin (4, 9) . The twig-like structure is consistent with the recent finding by computer calculation that precursor mRNA has a secondary structure composed of many branched forks and "hairpins" (3) . RNA fibrils of in vitro transcribed complexes of isolated rat liver chromatin displayed an irregular bushy structure associated with chromatin fibers (Figure 8a ) (5) . Electron microscopic autoradiography of the in vitro transcribed specimens demonstrated silver grains along the nascent heterogeneous RNA fibers of the transcriptional complexes (Figure 8b) (5) .
DNA Replication of Chromatin
Permeable cell systems have been developed by treatment with digitonin or saponin for studying in vitro DNA replication of chromatin (7) . Efficient DNA replication of SV40 chromatin was observed in permeabilized CV-1 cells infected with SV40 by the addition of adenosine triphosphate (ATP), deoxyadenosine triphosphate (dATP), deoxycytidine triphosphate (dCTP), deoxyguanosine triphosphate (dGTP), thymidine 5'triphosphate (TTP), and Mg t . Analysis of replicated SV40 DNA by gel electrophoresis and autoradiography indicated that complete replication of SV40 DNA and chromatin occurred in these systems. The replicative DNA synthesis is strongly inhibited by EDTA, N-ethylmaleimide, ara-CTP, aphidicolin, novobiocine, and Adriamycin. Aphidicolin inhibits replicative DNA synthesis by specifically inhibiting DNA polymerase a. 2',3'-Dideoxythymidine 5'-triphosphate (ddTTP) selectively inhibits unscheduled DNA synthesis without inhibiting replicative DNA synthesis. These inhibitors can be effectively used for autoradiography of DNA replication and repair.
Replicating intermediates of SV40 chromatin have an exposed structure at the vicinity of replication forks hypersensitive to micrococcal nuclease (Figure 9 ). An elegant method has been developed to analyze proteins specifically associated near the vicinity of replication forks (8) . The method involves cross-linking of proteins with newly synthesized DNA by ultraviolet irradiation after pulse-labeling of DNA with [a-32 P}dCTP and bromodeoxyuridine triphosphate (BrdUTP) in permeable cells and chasing, followed by DNase I digestion, sodium dodecyl sulfate-polyacrylamide gel electrophoresis, and autoradiography.
SV40 T antigen, an early gene product, induces DNA replication and controls gene expression by binding with DNA. The characteristic association of T antigen with SV40 DNA was examined by electron microscopy using the ferritin-conjugated antibody technique. One to three T antigen ferritinconjugated antibodies were observed to be associated predominantly at the replication origin region of linear SV40 DNA prepared by digestion with restriction endonuclease Eco RI ( Figure 10 ).
Electron microscopy with immunocytochemical techniques ODA will be extremely useful for observing characteristic interaction of protein molecules with specific sequences of DNA and for analyzing the molecular processes of DNA replication and gene expression of chromatin.
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